Nuclear magnetic resonance experiments are reported on multilayer He films adsorbed on the surface of graphite. Initially the second layer exhibits antiferromagnetic exchange, which has been measured as a function of coverage. Measurements of the nuclear magnetic susceptibility and resonant frequency for coverages around the third layer promotion precisely identify the onset of ferromagnetic exchange in the film. The evolution of the structure of the film is discussed in the light of these results and previous heat-capacity and NMR data.
ergies are typically of order millikelvin, much larger than the dipolar energy, and show an interesting coverage dependence with the growth of the film. This is in marked contrast with the rapid and monotonic decrease in exchange with increasing density observed in bulk helium. The anomalous behavior is clearly connected to the details of the evolution of the film with coverage.
Helium films adsorbed on graphite grow as distinct atomic layers. For He films the completed first layer is a compressed paramagnetic solid and essentially magnetically inert. There exists a rather good picture, from neutronscattering measurements, of the structure and density of the completed first layer as a function of coverage. However in the coverage range of interest our understanding of the second solid layer is based solely on the interpretation of thermodynamic data. This layer is solid above a total coverage of order 0.18 A, at which density the nuclear exchange is antiferromagnetic (AFM). According to the heat capacity measurements of Greywall and Busch, a fluid overlayer forms at 0.184 A. . With increasing coverage, magnetization measurements find a crossover to ferromagnetic (FM) exchange, which shows a distinct anomalous peak around 0.23 A . Very similar behavior is observed when the graphite is preplated by a monolayer of He, eliminating the first paramagnetic He solid layer. Ideally at any coverage we would know the density and the structure of the second layer solid and the nature of the fluid overlayer. Greywall has proposed a phase diagram in which the second layer evolves through two registered structures to an incommensurate solid. Schiffer long. Thermal contact to the cold plate was made by diffusion bonding the silver sheets to a silver rod, attached to the cold plate by a cone joint, whose design had a typical resistance of less than 20 nA. Thermometry was provided by measuring the nuclear magnetic susceptibility of platinum wires, similarly mounted on the cold plate and calibrated by a He melting curve thermometer. The thermal link to the nuclear stage consisted of a 9 mm diameter silver rod, also connected to the cold plate by a cone joint. As a check of thermal equilibrium a sample of 1.5 layers was found to exhibit no detectable deviation (i.e. , (1%)from Curie s law down to 0.5 mK. linewidth exhibits a sharp maximum, as shown in the 10 mK isotherm in Fig. 1 , and we identify this with the onset of promotion to the second layer. ' At this temperature and with a fluid second layer all of the signal comes from the first layer; the initial decrease in linewidth on formation of the second layer arises from motional narrowing due to exchange between first and second layer spins. At higher fluid densities there is a tendency for the line to broaden; this effect will be discussed elsewhere. The coverage at the linewidth maximum agrees with that determined from a 4.2 K helium isotherm, performed on the same sample and using the point-B criterion, ' to better than 1%. In order to facilitate comparison with other work we adopt the so-called commensurate coverage scale' and define the coverage at this point as 0.114 A Measurements of the magnetic susceptibility were made as a function of temperature and coverage in order, at first, to detect the solidification of the second layer. Two signatures of solidification are a clear step in the magnetization iso- A; in this regime the frequency shift scales only weakly with coverage while the magnetization is strongly coverage dependent. These authors persuasively argue that this points to the presence of ferromagnetic "islands" coexisting with AFM regions of the second layer. They attribute this to coexistence of two structures in the second layer, in accord with the second layer phase diagram of Greywall. However Godfrin et al. have reexamined the heat-capacity data of Ref. 7 , in particular the contribution from the third fluid layer, and argue convincingly that the behavior as a function of third layer coverages demonstrates two-dimensional condensation of the third layer fluid. These authors then, plausibly, identify the ferromagnetic islands with those regions of the second layer covered by liquid puddles with interactions dominated by the indirect exchange mechanism.
We now consider the implications of the extra information from our detailed study of the film in the crossover region from AFM to FM exchange. According to one point of view, the structure of the second layer and in particular commensuration effects are not of primary importance. It is argued that the proportionality of second layer magnetization and A different view, while acknowledging that there is evidence that third layer puddles have an important role in determining the ferromagnetic exchange, proposes that there is also structural evolution in the second layer which has an important influence on the exchange. In Fig. 4 Lett. 62, 1868 Lett. 62, (1989 .
